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ABSTRACT 



The teaching and learning of mathematics continues to 
generate tremendous attention, both among those who support recent 
innovations and, more recently, among those who question the wisdom of the 
promulgated reforms. In order to bring an empirical basis to this debate, it 
is important to gather information on the policies and practices that are 
actually implemented. This report provides one source for such information 
and is the second in a series that discusses results from the National 
Assessment of Educational Progress (NAEP) . A description of the educational 
policies and practices that prevailed during this period of sustained 
increases in mathematics achievement, giving particular attention to the 
relationship between these policies, practices, and student performance on 
the NAEP mathematics assessment. Information on the status of mathematics 
education in 1996 is provided, and changes that took place from the time of 
earlier NAEP assessments is also chronicled. (ASK) 
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What is The Nation’s Report Card? 

THE NATION’S REPORT CARD, the National Assessment of Educational Progress (NAEP), is the only nationally representative 
and continuing assessment of what America’s students know and can do in various subject areas. Since 1969, assessments have 
been conducted periodically in reading, mathematics, science, writing, history/geography, and other fields. By making objective 
information on student performance available to policymakers at the national, state, and local levels, NAEP is an integral part of 
our nation’s evaluation of the condition and progress of education. Only information related to academic achievement is collected 
under this program. NAEP guarantees the privacy of individual students and their families. 

NAEP is a congressionally mandated project of the National Center for Education Statistics, the U.S. Department of 
Education. The Commissioner of Education Statistics is responsible, by law, for carrying out the NAEP project through 
competitive awards to qualified organizations. NAEP reports directly to the Commissioner, who is also responsible for providing 
continuing reviews, including validation studies and solicitation of public comment, on NAEP’s conduct and usefulness. 

In 1988, Congress established the National Assessment Governing Board (NAGB) to formulate policy guidelines for 
NAEP. The Board is responsible for selecting the subject areas to be assessed from among those included in the National 
Education Goals; for setting appropriate student performance levels; for developing assessment objectives and test specifications 
through a national consensus approach; for designing the assessment methodology; for developing guidelines for reporting and 
disseminating NAEP results; for developing standards and procedures for interstate, regional, and national comparisons; for 
determining the appropriateness of test items and ensuring they are free from bias; and for taking actions to improve the form and 
use of the National Assessment. 
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Chapter 1 



Introduction 



The teaching and learning of mathematics in our nation’s schools continue to generate 
tremendous attention, both among those who support recent innovations and, more recently, 
among those who question the wisdom of the promulgated reforms. 1 In order to bring an empirical 
basis to this debate, it is important to gather information on the policies and practices that are 
actually being implemented, and this report provides one source for such information. Written for 
policy makers and school administrators, this report is the second of a series that discusses results 
from the National Assessment of Educational Progress (NAEP) 1996 mathematics assessment. 

General information about student performance is presented in the first report from the 
assessment: NAEP 1 996 Mathematics Report Card for the Nation and the States. 2 A third report, 
tentatively titled Student Work and Classroom Practices in Mathematics, includes information 
about student performance within the various mathematics content strands; provides numerous 
examples of the assessment questions and student responses to those questions; and describes 
teachers’ instructional practices and students’ course-taking and attitudes towards mathematics. 
Finally, the fourth report in the series, tentatively titled Focused Studies in NAEP’s 1 996 
Mathematics Assessment, is on special studies conducted through NAEP in 1996. These studies 
assessed student achievement in the following areas of mathematics: estimation, problem-solving 
within a real-life context, and challenging, higher-level-content problems. 

In the NAEP 1996 Mathematics Report Card for the Nation and the States, national gains 
in students’ mathematics scores were reported at all three grade levels: 4, 8, and 12. 3 Notably, 
average national scores, which had already increased between 1990 and 1992, increased again in 
1996. Gains were also reported in many jurisdictions that took part in the NAEP state 
assessments. At grade 4, 15 of the 39 states and jurisdictions that participated in both the 1992 



1 Davis, R.B., Maher, C.A. & Noddings, N. (1990). Constructivist views on the teaching and learning of mathematics. Reston, 
VA: National Council of Teachers of Mathematics, Inc.; Edwards, T.G. (1994, October). Current reform efforts in mathematics 
education. ERIC/CSMEE Digest. Columbus, OH: ERIC Clearinghouse for Science, Mathematics, and Environmental 
Education; Jacobson, L. (1998, March 11). Experts promote math, science for preschoolers. Education Week , 17(26), pp.l, 
12-13; Lacampagne, C.B. (1993). State of the art: Transforming ideas for teaching and learning mathematics. Washington, 
DC: Office of Research and Improvement, U.S. Department of Education; Loveless, T. (1997, October 15). The second great 
math revolution. Education Week, 17(7), pp. 48, 36; Manzo, K.K. (1997, Novembers). Math showdown looms over standards 
in Calif. Education Week, 17(10), pp. 1, 18. 

2 Reese, C. M., Miller, K. E., Mazzeo, J., & Dossey, J. A. (1997). NAEP 1996 mathematics report card for the nation and the 
states. Washington, DC: National Center for Education Statistics. 

3 Ibid. 
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and 1996 assessments recorded an increase in their average mathematics scores. Similar gains 
were evident for 13 of the 37 states and jurisdictions that participated in both the 1992 and 1996 
assessments at grade 8. No state NAEP assessments were conducted at grade 12. 

This report describes the educational policies and practices that prevailed during this 
period of sustained increases in mathematics achievement, with particular attention to the 
relationship between these policies and practices and student performance on the NAEP 
mathematics assessment. More specifically, this report provides information on the status of 
mathematics education in 1996 and chronicles the changes that had taken place from the time of 
earlier NAEP assessments. 

The report is based on information provided by students and their teachers and school 
administrators through background questionnaires that NAEP administers concurrent with its 
assessments. Students at grades 4, 8, and 12 answered questions about their home backgrounds, 
the instruction they received, and their course-taking. Fourth- and eighth-grade teachers who 
participated in the assessment provided information about their education, professional careers, 
curricular practices, and instructional approaches, as well as the resources available to them for 
teaching mathematics. 5 School administrators answered questions about school policies and 
practices. 

The report is organized around three central questions: 

• Who is teaching mathematics to our students? 

• What emphasis does mathematics instruction receive? 

• What are the resources in schools that support mathematics learning? 

Major Findings 

The major findings reported below include information about the status of teachers and 
mathematics instruction in our nation’s schools as well as the relationships between student 
achievement in mathematics and teacher characteristics and school policies and practices in 
mathematics education. In general, we have highlighted positive relationships. However, the 
reader should keep in mind the limitations of survey data of the kind collected by NAEP. 
Statistically significant associations between particular policies or practices and achievement can 
provide an interesting starting point for analysis or deliberation, but they cannot demonstrate a 
causal relationship. Additionally, the lack of significant changes or relationships to achievement 
with respect to variables reported from the NAEP survey is not necessarily evidence that our 
nation has remained static with regard to reforming policies and practices that positively impact 
mathematics education. Perhaps an appropriate conclusion from this report is that factors that 



4 For more information about all aspects of the NAEP 1996 mathematics assessment see Allen, N.A., Jenkins, F., Kulick, E., 

& Zelenak, C.A. (1997). Technical report of the NAEP 1996 state assessment program in mathematics. Washington, DC: 
National Center for Education Statistics. 

5 NAEP did not administer a survey to teachers of twelfth-grade students. In NAEP, the unit of analysis is the student and 
because a large proportion of twelfth-grade students — about a third — were not enrolled in mathematics classes, the 
information on teachers of twelfth-grade students would result in a substantial number of missing data. 
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impact teaching and learning of mathematics in our nation’s classrooms rarely, if ever, work in 
isolation. The following are major findings from this report. 

WIto is teaching mathematics to our students? 

• Teachers of the large majority of fourth-grade students ( 83 percent ) had college majors 
in education rather than mathematics or mathematics education , while teachers of over 
half of eighth-grade students had majors in mathematics or mathematics education . 

• Teachers 9 college majors appear to have some relationship to students 9 mathematics 
performance; however, there are grade-level differences . At grade 4, students whose 
teachers had a college major in mathematics education or education outperformed 
those students whose teachers had a major in a field other than education, mathematics 
education, or mathematics . At grade 8, it was the students of teachers with a college 
major in mathematics who outperformed students whose teachers had a college major 
in education or a field other than education, mathematics education, or mathematics . 



• Thirteen percent of fourth- grade students were being taught mathematics by a teacher 
with a college major in mathematics or mathematics education . However, nearly one- 
third of fourth- grade students were being taught by teachers who had a mathematics 
teaching certificate . This pattern was also evident at the eighth- grade level: 62 percent 
had teachers with a college major in mathematics or mathematics education; 81 
percent of eighth-grade students had teachers with a mathematics teaching certificate . 

• Eighth-grade students whose teachers had a teaching certificate in mathematics 
performed better than other eighth-grade students . 

• While teachers of fourth- and eighth-grade mathematics span the range of years of 
mathematics teaching experience, students taught mathematics by teachers with more 
than five years of teaching experience were more likely to perform better on the NAEP 
mathematics assessment than students taught by teachers ivith five or fewer years of 
experience . 



• Eighth-grade teachers appear to participate in more hours of professional development 
in mathematics or mathematics education than fourth- grade teachers, but the level of 
hours of professional development was not related to students 9 performance in 
mathematics at either grade level 



• Teachers of eighth-grade students reported having more knowledge of NCTM 
curriculum and evaluation standards than teachers of fourth- grade students . 
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• The more knowledge eighth-grade teachers reported of NCTM curriculum and 
evaluation standards , the higher their students’ performance tended to be on the 
NAEP mathematics assessment . 

• Eighth-grade students enrolled in different mathematics courses — eighth” grade 
mathematics, pre-algebra, or algebra — appear to have had similar access to resources 
and opportunities to learn as evidenced by the teacher factors examined in this report . 

What emphasis does mathematics instruction receive ? 

• In 1996, 54 percent of our nations twelfth- grade students were attending schools that 
required three or more years of mathematics in grades 9-12 for high school graduation . 

• High school graduation requirements in mathematics appear to be related to student 
course-taking . Specifically, in schools that required three or more years, the percentage 
of students who reported having taken geometry was significantly higher than the 
percentage of students in schools that required two or fewer years (85 percent compared 
to 76 percent). 

m Between 1 990 and 1 996, the percentage of eighth-grade students attending schools 
that offered algebra for high school credit or placement at that grade level remained 
stable (76—80 percent). In 1996, 28 percent of the students in such schools reported 
being enrolled in algebra. 6 

• F i ourth-grade students were likely to receive more hours of mathematics instruction per 
week than eighth-grade students. In 1996, teachers of 68 percent of fourth-grade 
students reported that they spent 4 or more hours on mathematics instruction per week, 
while teachers of 33 percent of eighth-grade students reported that they spent 4 or more 
hours of mathematics instruction per week. 

What are the resources in schools that support 
mathematics learning ? 

• Teachers of the majority of fourth - and eighth-grade students reported that they got 
“most” or “all” of the instructional materials and other resources they needed to teach 
their class. For grade 8, higher levels of resources were found to be related to higher 
levels of student performance. 

• Many teachers reported that they get “some or none” of the resources they need to teach 
their class (i.e., teachers of 34 percent of fourth- grade students and 21 percent of eighth- 
grade students). 



5 As is explained in Chapter 3, algebra enrollment was also reported by 16 percent of students in other schools. Possible 
explanations for this finding include the following: the school offered algebra but not for automatic high school credit or 
placement; the student was taking algebra at the local high school or community college; or either the school or the student 
report was in error. Because it was not possible to verify any of these hypotheses, an assumption was made that all data were 
correct as reported. 
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• Teachers of just less than half of fourth- and eighth-grade students reported access to a 
curriculum specialist to help or advise them in mathematics. 

• Substantial proportions of students (71 percent of fourth- grade students and 88 percent 
of eighth- grade students) were being taught mathematics by teachers who reported 
having 3 or more hours per week of designated preparation time. 

• Students ’ access to calculators to do schoolwork increased from 1 992 to 1 996. 

The percentage of fourth- grade students whose teachers reported that their students had 
access to school-owned calculators to do schoolwork increased from 59 percent in 1 992 
to 84 percent in 1 996. Correspondingly, the percentage of twelfth-grade students taking 
mathematics who reported having access to calculators increased from 92 percent in 
1 992 to 95 percent in 1 996. Data were not available for eighth-grade students in 1 992, 
but the reported percentage with access was 80 percent in 1 996. 



Interpreting 1V4EP Results 

The central mandate of NAEP is to provide information on what the nation’s students know and 
can do in a variety of content areas. In addition, for over 25 years NAEP has regularly provided 
the nation’s only comprehensive, recurrent data about the processes of education in the nation’s 
schools. The latter information is intended to serve a number of important purposes. Specifically, 
it provides an educational context for understanding data on student achievement, it identifies 
differences in access to instruction and distribution of services among various types of students, 
and it tracks changes in policy- relevant variables across time. The findings reported above and 
the details in the chapters that follow are illustrations of how NAEP data serve these purposes. 

However, there are some cautions that users of the information presented in this report 
should keep in mind. Much of the data were collected by self-report, and participants were 
responding to a brief, written questionnaire. Although the questions were written as clearly and 
unambiguously as possible, respondents working in different contexts or educated from different 
perspectives may have interpreted some of the questions differently. The reader should also use 
caution in interpreting tables that portray the association between NAEP background factors and 
mathematics achievement. In general, one contextual variable is presented at a time. Because of 
the complexity of the context in which learning takes place, examining a single variable at a time 
and its sole relationship to student achievement may not necessarily reveal the true underlying 
relationships between background factors and students’ cognitive performance. For example, 
some instructional strategies may be used only, or most often, with high-achieving students, while 
other strategies may be used more frequently with lower-achieving students. Furthermore, the 
data reported here are cross-sectional and learning is cumulative. That is, the instructional 
resources examined by this report reflect a single year, not those the student has experienced in 
the 3, 7, or 11 years of schooling. In addition, the reader should remember that statistically 
significant differences may be differences that are not considered educationally significant. 
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Nevertheless, NAEP data are valuable, particularly when they are considered in light of 
other knowledge about the education system, such as trends in instructional reform, changes in 
the school-age population, and societal demands and expectations. Notably, they provide policy 
makers and administrators with a national benchmark against which to compare their own local 
policies and practices. Because of their basis in research, NAEP data also often help to inform 
our understanding of how school and instructional factors relate to achievement. Consequently, 
NAEP results can help practitioners to check the reasonableness of local findings in these areas. 
In addition, NAEP data can provide a detailed and research-based source of questions and 
approaches for examining local policy issues, conducting local studies, and creating local 
initiatives to change practice. 



Overview of the Remainder of the Report 

This report includes four chapters and two appendices. Chapter 2 considers the academic 
preparation, teaching certification, years of teaching experience, and continuing professional 
development of teachers who provide mathematics instruction to the nation’s students. The third 
chapter describes the emphasis that mathematics instruction receives in our schools. In 
particular, it examines school policies regarding curriculum, graduation requirements, 
mathematics courses offered, and time allotted for mathematics instruction. The fourth chapter 
reports on resources, including the availability of calculators, that support mathematics learning. 
Finally, Appendix A includes more detailed procedural information on the NAEP 1996 
mathematics assessment, while Appendix B includes standard error tables for the data presented 
in the body of the report. 

In each of Chapters 2, 3, and 4, student performance data are often presented alongside 
data on background variables. The average mathematics composite scale score is the indicator of 
student achievement used in this report. 7 

Mathematics reform efforts since the publication of A Nation at Risk have championed 
the notion that more students should be ready to take algebra by the eighth grade. 8 In this report, 
therefore, the eighth-grade results are disaggregated by course enrollment (algebra, pre-algebra, 
and eighth-grade mathematics). This allows the reader to investigate how school policies and 
practices differ, if they do at all, depending on the type of mathematics course in which students 
are enrolled. 9 

Information on many of the variables is also provided for public school students by state 
or jurisdiction, using data from the 1996 mathematics NAEP state assessment. 10 The NAEP 
1996 mathematics assessment was conducted nationally at grades 4, 8, and 12, and state-by-state 



7 Data on student performance by mathematics content strand and NAEP achievement levels are included in other reports from 
the series on the NAEP 1996 mathematics assessment. 

8 National Commission of Excellence in Education. (1983). A nation at risk: The imperative for educational reform. 

Washington, DC: U.S. Government Printing Office. 

9 Although these three courses are not the only mathematics courses students reported taking, they account for the large 
majority of eighth-grade students. In 1996. less than half a percent of eighth-grade students indicated that they were not taking 
any mathematics class, about 1.5 percent reporting taking integrated (also referred to as unified or sequential) mathematics, 

0.2 percent reported taking applied mathematics (also referred to as technical preparation), and 3.2 percent reported taking 
some other mathematics course. 
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